Stanislaus River Salmonid Habitat Use Investigation
Technical Proposal

Executive Summary

The Fisheries Foundation, Wildlands, and the latgifor Natural Systems Engineering
will team to implement the Stanislaus River Salmdddabitat Use Investigation. The
purpose of the study will be to determine fish sl habitat response to different
operational flows from Goodwin Dam into the lowe¢aidslaus River. The objectives of
this proposal are to conduct a preliminary investan to test survey methods, validate
the data analysis approach, and define how bestgand the effort to the entire
Stanislaus River between Goodwin Dam and the cenfla with the San Joaquin River.

The team’s will test two state-of-the-art approacteedetermine the effects of various
flow levels on fish use and habitat quality of tbeer river. One approach employs an
empirical statistical sampling survey design to suea habitat response under different
flows. The second involves developing habitat n®btased on stream geomorphology
and 2D hydraulic models under a range of streanlmapredict fish and fish habitat
response versus streamflow regimes. Both methdbldepend on intensive surveys of
fish and river habitats. The common habitat uniitlve 2-D surface polygons (at a
specific flow) representing mesohabitat units atidct habitat features on the scale of
approximately 1000 square feet per unit. Fish iiessn habitat units will be
determined through two surveys of 5 half mile loegches of the river. The sample
reaches will be chosen from the estimated availeitée of 115 reaches in the lower 57.5
miles of the Stanislaus River below Goodwin Danfe Two surveys will encompass two
different and normal flow ranges. Fish samplind i conducted by snorkel surveys
except in the lower reaches where visibility maydselow, in which case electrofishing
or another viable alternative method is planneldysieal sampling will be conducted
concurrently and will include standard parametechsas water temperatures, depth,
velocity, substrate, cover and proximity to covmank slope, and distance from mouth.
Fish densities by species and life stage and palysabitat parameter data for sampled
polygons by survey and by reach will be input iGi& databases that can be employed
to provide ArcMap tables and figures for data asialgnd reports. Habitat and fish
response measured at the sampled flows will bebsillepicted empirically. Habitat and
fish response over the two flows will developechgs2-D hydrodynamics and habitat
models that incorporate the same physical parameteasured in the empirical data set.
2D hydrodynamics and habitat will be generatedvie feaches of river for the two
survey periods. Most of these sites will overlagpeical data collection sites. Modeling
and mapping will be done such that results canxbragolated to the entire river. The
project team is made up of experienced field bisksga statistician, hydraulic
engineers, and project managers capable of plammdgmplementing the proposed
project.

Technical Approach

The Fishery Foundation of California (FFC), Wildiisninc. (Wildlands) and the Institute
for Natural Systems Engineering of Utah State Ursig (INSE) will join together to



accomplish the Statement of Work. The team wilpkay and integrate two state-of-the-
art approaches in defining fish habitat use andityuz lower Stanislaus River habitat
under different flow regimes. One approach willdmeempirical survey sampling and
parametric statistical analysis approach (Cannankamnedy 2004) and the other using
2D hydrodynamic and behavioural rule—based habitateling (Hardy and Addley
2003). Both approaches incorporate the use ad-gifathe-art GIS technologies and
integrate the analysis and information obtainebliahogical and physical surveys of the
LSR. The primary survey method will be snorkehgays, wherein the FFC will expand
upon its snorkel surveys from 2000 to 2005 to nmfaysjzal habitat and fish habitat use in
the LSR. These surveys provide information on@easuse, abundance, and
distribution of species and life stage within spsadf fish using the LSR (Cannon and
Kennedy 2002). This survey will be conducted agai2005-2006 concurrent with the
proposed study. The proposed study will expandupis information to map habitat
and habitat use at two flow regimes from Goodwimia the San Joaquin River.

The empirical approach will be similar to studies £FFC team has been conducting on
the lower American River over the past several y@drerein habitat is mapped on a
mesohabitdtscale and snorkel surveys are conducted withiitdtaiolygons for the
purpose of determining fish response to meso-haypa. The major difference will
involve mapping the entire habitat in five reachrethe LSR under two different flow
regimes to quantify habitat quality and quantityg ahen sampling among meso-habitat
types to statistically estimate overall fish abummkaand use patterns and habitat quality
at different managed flows. The basic approachbeilan empirical statistical based
approach based on survey sampling and traditicaralnpetric statistical analyses. This
approach provides a spatially extensive view df fiabitat in the river at two different
flows.

The spatially extensive empirical approach cambegrated with and extended over a
wide range of flows using a state-of-the-art 2Droglgnmics and habitat modeling
approach that has evolved from the traditionalré@sth Flow Incremental Methodology
(IFIM). The 2D hydrodynamics and habitat modelapproach allows both micro and
meso-scale habitat assessment based on depthifywedabstrate, proximity (distance) to
cover and/or any other mappable habitat featuree shorkel survey data will be
designed for use in flow-habitat relationships amio the microhabitat models
developed within the Physical Habitat Simulatior ABSIM) component of the IFIM
(Bovee 1982), but will include meso-scale habigattfires. These are features found in
the immediate surroundings of the fish that ardyfaistinct (observable and
measurable) stream unit with uniform flow, subgtyaind water surface slope, bed
topography, cover, bank conditions, riparian veigetaand depth. Instead of sampling
individual fish focal points as commonly done iaditional PHABSIM/IFIM, the
proposed approach is based on sampling meso-saailatunits and determining how
many fish are observed in the units and what tleeifp habitat conditions are in these
units. Statistics on use (density) by meso-scalstat type can be related to the amount
of habitat types by flow. Rubin et al. (1991garhomas and Bovee (1993) suggested

! Mesohabitat is a scale between the microhabittieatocal point of an individual fish and reach or
watershed macrohabitat scales such as riffle, paats runs.



the alternative of using 2-D surface-area celld®reloping habitat suitability criteria
instead of the standard IFIM PHABSIM proceduBy basing habitat suitability
curveson cell data, no adjustment is needed for_habitat availability if all habitat

cells are mapped and sampling is stratified among habitat types. It is these
approaches (described in more detail by Hardy asdiey 2003) we propose to use on
the LSR for the habitat modeling portions of thedgtwith the support of the INSE. This
approach has been used successfully on numerairs such as the Klamath River,
McKenzie River, Pit River, Oak Grove Fork Clackaraasl is currently being used on
the Trinity River.

Sampling habitat units and relating use patterrentoronmental conditions that relate to
flow in the units will provide information needed the capacity of the LSR to rear young
salmonids over a range of flow conditiodshn Williams in a Fish Bulletin Paper stated:
“More observations of habitat use like those of 3ank(1992) would be helpful, especially if
they are directed toward developing a better un@erding of the way juvenile Chinook use
habitat rather than ‘habitat suitability criterisfor PHABSIM studies’{Williams 2000).

Though the snorkeling procedure employed by FFDen2000-2005 surveys is standard,
its application in an array of two-dimensional sall polygon habitat units, each with
narrow if not unique habitat conditions that aneresentative of habitats throughout the
river is a relatively new approach being used stream flow assessments. In this
approach fish use is related to habitat conditinrtie units and habitat conditions in the
units are related to flow, then streamflow is retato the value or quantity of habitat or
the production capacity of the river (e.g., LSR)habitat use can be translated into
habitat value, then habitat use patterns can redfipalhabitat restoration needs and
alternatives. Williams (1999) related that defgnimabitat for such purposes has not been
satisfactorily resolved, especially in large riveush as the LSR. The project objective is
to create geo-referenced maps that describe halsgadf juvenile Chinook salmon and
rainbow/steelhead trout at two or more discrete$lon the LSR between Goodwin Dam
and the confluence with the San Joaquin River. itdabse will be described
guantitatively in terms of distribution and densifysalmonids relative to physical habitat
attributes for each studied flow. The results friwvo reaches will then be extrapolated to
a wide range of flows using 2D hydrodynamics modelshat the utility of this approach
can be determined for future studies.

The FFC team includes Trevor Kennedy (FFC) who hedd the field surveys efforts,
Tom Cannon (FFC/Wildlands) who will lead the dat#and statistical analyses efforts,
and Craig Addley (INSE) who will lead the 2D hydyoa@mics and habitat modeling
effort. The following sections provide a summaegdiption of these efforts.



Preliminary Field Surveys

FFC will conduct a year of preliminary fish andhfisabitat surveys of the LSR as
defined in the final study plan. The preliminaoyweys will be a prelude to more
comprehensive surveys in subsequent years. Thmprary surveys will focus on
subsections of the river to determine potentiahiézal and logistical problems that may
inhibit subsequent defining surveys. Five ¥2-mdaahes will be surveyed for fish and
fish habitat, and two of these will have a 2-D hatmodel developed.

L ocations: Five reaches of the LSR will be surveyed for isid habitat as
representative of the habitat types of the entB&L Locations tentatively chose are
Goodwin, Lovers Leap, Orange Blossom Bridge, Oakdald Caswell (Figure 1). These
locations were chosen as they represent locati@ihave been surveyed by FFC and
others with ready access.

Fisheries Surveys
FFC will conduct fish surveys in the LSR as follows

Sampling Method: The survey methodologies will include snorkehgys where
visibility allows and electrofishirfgwhere visibility does not allow snorkeling. Based
experience, snorkeling becomes difficult in the dowiver downstream of Oakdale,
therefore we believe it may be necessary to uske-pack and/or boat electrofishing gear
if the lower river is to be covered. Seines waubd be effective as much of the habitat is
deep or heavy with debris. Polygons in center-ratéDakdale and Caswell sites will use
average catch statistics for screw trap data wissiple. Daily catch will be converted
to 2-D area of polygons by converting screw traga da per unit area from
velocity/volume measurements.

2 Use of electrofishing gear may be problematiceifrpission cannot be obtained from DFG or NMFS.
Permits for proposed sampling will be submitted iedinately after date of award. It may also be pussi
to use other available permits already existing ragregencies or contractors.



New Mclone
[>am

Tullech
Fi g ) Dam
Goondwin

| Dam

|

TMBH,

Hwy 120
Bridge
Op

Vid

River

® Hn'dz!:
Oakdale

MHA
M
, ° " B
Riverbank

3.5 Miles North

& Caswell Memorm| —_

State Park

»  Sunislaus River Parks

Figure 1. Map of LSR sampling locations. (Sour&RFG 2003).

Sampling Reaches:. Each reach will encompass approximately one+hd# of river

and all its aquatic habitat area. Reach boundadrese possible will be defined based
on longitudinal and lateral gradients, channel cwarhent, stream habitat conditions, and
riparian land use. The five chosen reaches are/kno exhibit a wide range of habitat
conditions that are representative of the LSR. cRé@undaries will be marked by
survey tape.

Sampling Units: Sampling units will consist of 2-D polygons otlsenapped from the
available habitat within each %2 mile sampling reatthe beginning of each survey
period (see Subtask 3.2). Units will be classifred types by reach based on the
physical characteristics as measured in the hahitaeys (Subtask 3.2). Each reach will
contain a unique set of cells and cell habitat $yp&he general approach to habitat
inventory surveys is classification of habitat®ipbol, riffle, run, glide, and backwater
or off-channel habitats. While our classified typeay fit readily into these categories,
the more likely scheme will be sampling units reerging subunits of these categories
and then grouping the subunits into types basespenific habitat conditions that will




include depth, velocity, substrate, bank slope, slratie/cover types. Other
methodologies will be considered in defining hatitassification types (Kondolf et al.

2003).

Sampling Design: Sampling will be conducted during two two-weekipés: one in
February and one in May. These are approximatsdhat are likely to encompass two
distinct flows and a range of juvenile salmon atedkhead life history stages. Sampling
will be stratified by period, reach, and habitgigy During each period, samples (snorkel
survey observations) will be collected at randoamframong the various types by reach.
From recent years flow gage data there appears several flow regimes: a base flow

at approximately 250 cfs that occu

rs consistemtliaie October and winter-spring of

drier years, another at 500 cfs, and one in thgaah 750-1250 cfs in the spring (Figure

2).
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Figure2. LSR daily-average streamflow 2000-2005 (Orange Blossom gage).

Sampled Variables: Variables measured in sampling units (sampleld)ceill include
numbers of fish observed by species and size ra8ge ranges for salmonids will be as
follows: 30-50 mm (fry); 50-70 mm (fingerlings)0-®0 mm (presmolts); 90-120 mm
(smolts); 120-200 mm (advanced smolts); and 100groups thereafter. Size ranges for

non-salmonids will be <25 mm; 25-50 mm; and 50-mrougs thereafter.

Sampling Bias. Sampling efficiency will be estimated in sevesalys. First,

observation efficiency will be measured by a secolgkrver taking measurements on 5

percent of the samples in each survey period. rgeamorkeling and electrofishing
surveys will be conducted at one of two lower symaaches during each of the
sampling periods.

Sample Variance (sampling error): Sample variances will be estimated from sample

distributions for each survey period by reach blyitad type.

Database: Sampling survey data will be transferred fronidfi@ata sheets to

Excel/Access file database. Field data sheetsh@iicanned and pdf files catalogued



and maintained for each data sheet. Databasebewtbmpiled and submitted by survey
period.

Data Analysis and Presentation: Sampling survey data will be represented for each
survey by reach on GIS rectified aerial photosraglied for sample location via GPS
locations recorded in survey sampling. Data wilpbesented by density per unit area of
species and size groups within species. Dataalgitl be statistically analyzed by
Analysis of Variance, Regression, and Multivariatelysis to test for differences
among regions, periods, and habitat types. Spdeiesities will be used as dependent
variables and habitat conditions as independeiabias.

Physical Habitat Surveys
FFC and INSE will conduct physical habitat survagdollows:

Survey Method: The survey methodologies will include ground sys/and aerial
photo and USGS map interpretation to define habaatpling units (cells) and to
characterize cells by measuring physical habitabates (variables) of the five reaches.
Ground surveys will be conducted on foot and byakagr swimming (snorkeling) during
each survey period. Field mapping of substratgetagion, or features such as large
woody debris will be accomplished through a comtiamaof photo interpretation and
field—based mapping using the image to draw polggbrectly, or by mapping features
with GPS equipment. Since the images are orthdiexttiany digitized polygons can be
overlaid using GIS on the original image. GIS daentbe used to assign spatially—
variable attributes of substrate, vegetation (cpaad roughness to each cell. The 2-D
boundaries of each cell will be determined for effmiv regime encountered in the
surveys by marking boundaries on aerial photos tilndaries based on visible habitat
characteristics.

In addition at one of the reaches, subsurface @idaapographies will be derived at each
flow regime using hydroacoustic—based mapping wikioat mounted real-time
kinematic differentially—corrected survey grade lizlbPositioning System (GPS)
integrated with a scientific—grade acoustic botfmafiling system. In addition, an
acoustic doppler current profiling system (ADP) floeasurement of the 3—dimensional
velocity vectors throughout the water column waél integrated into the instrument
package. Hydroacoustic mapping will be conductealdischarge that is greater than the
discharge at which the aerial photogrammetry ikectdd to ensure an overlap between
the DTMs generated from these different data seitd,to minimize the potential for
missing topographies where the acoustic mappitigniged by water depths at the stream
margins. The location of each cell will be docuneeintvith GPS for the flow regime.

The cells will be digitized onto GIS-rectified aarphotos using the GPS and field
marked aerial photos.

Survey Design: Surveys will be conducted at the beginning ohe&h survey period
(February and May). These are approximate dattsatie likely to encompass at least
two flow regimes, as well as a range of juvenilensen and steelhead life history stages.
Survey data will be stratified by period, reachd &abitat type. A major difference from




the fish survey is that during each period, sudata will be collected from all cells in
each survey reach rather than a sample from edzstahgype.

Survey Variables: Measurements of physical variables of the hakiitktin cells will
include average depth, water velocity, lateral lmmgjitudinal channel slope, water
temperature, turbidity, substrate, and cover tygal(ian SRA, instream woody or rock
material, aquatic vegetation). Each of these bégiaategories would have one or more
parameters to represent the variable. For exaropl@r type would involve instream
and overhead cover, with riparian cover represebyeitie amount of overhang, shade,
density, depth, distance to shoreline, and heiptiteriparian SRA vegetation.

Sampling Bias. Sampling efficiency will be estimated in sevesalys. First,
observation efficiency will be measured by a secolgkrver taking measurements on 5
percent of the samples in each survey period. rgeamorkeling and electrofishing
surveys will be conducted at one of two lower symaaches during each of the
sampling periods, thus providing a second measureaighysical habitat conditions.
Third, lower reach surveys will be compared dingtl screw trap survey physical data
for common sampling units.

Sample Variance (sampling error): Statistical variances will be calculated from syrv
data for each survey period by reach by habitag.typ

Database: Survey data will be transferred from field dateets to Excel/Access file
database. Survey data will be represented for sackey by reach on GIS rectified

aerial photos delineated for sample location vi&@&rations recorded in surveys. Field
data sheets will be scanned and pdf files catakbgmel maintained for each data sheet.
GPS locations will be recorded in a GPS data dietip for each survey period.
Databases will be compiled and submitted by supesiod. GPS coordinates and
polygons drawn on aerial photos will be digitizgd®AD technicians and then

electronic Shape files submitted to GIS team teettgvArcMap GIS database. ArcMap
GIS databases will combine the CAD derived Shdpe &nd Excel/Access database files
into one common database.

Data Analysis and Presentation: The Excel/Access and ArcMap databases will bd use
to analyze and present information. Data will bespnted by parameter for each cell in
the survey area using ArcMap routines. Data sibde statistically analyzed using
Analysis of Variance, Regression, and Multivariatelysis to test for differences

among reaches, periods, and habitat types. Difée®and relationships among
parameters will be analyzed using the same statlidgchniques.

Data Analysis and Reporting

The databases developed will be translated intergisoenced ArcMap GIS files for data
analysis and reporting purposes. Three databafidseviranslated: (1) the drawn
polygons will be digitized onto aerial rectifiedqib files located by GPS points; (2) the
fish density by species and size-group data wilhiserporated by polygon cells in the



ArcMap database; and (3) the physical data colteictdield surveys and photo/map
interpretations will be incorporated by polygonlcel

Habitat Use Maps

A geo-referenced database will be developed in Agl&IS for each of the five survey
reaches of the LSR. Databases will be developedaoh flow regime surveyed (two for
fish and physical habitat). The database indaiaell units will be populated with
snorkel survey observation data (density by spemessize range) and physical habitat
survey data from field surveys and map/aerial plhaterpretation. Each cell defined for
each survey reach will be populated by the cormegding fish or physical data (including
physical survey and photo/map interpretative dailh)e input for each cell. For
snorkel survey data, only cells sampled will bduded by cell type. The unsampled
cells will be populated by the statistical averagd variance for the type by survey by
reach.

Once the ArcMap database is complete for each gyr@eod, fish density and physical
habitat conditions will be displayed by cell forchasurvey reach. Each survey will have
a discrete set of cells with each cell having uei¢pr sample average) fish or physical
habitat data, which can be displayed via an arfaplor codes and cell patterns.

Fish density will be displayed in tabular form gy by reach by cell type with
statistical confidence intervals (Cl). Cls fortfidensities will be determined from
sampling among the cells of a type (by survey @ad), whereas physical data Cls will
be calculated from the observations of the totalutetion of cells by type by reach by
survey. Sampling error from the small subset @feotations where accuracy and bias
were estimated will be incorporated into the eastimates of the total population by
reach by survey period (and flow regime). Total arean estimates of abundance by
size groups will have calculated Cls based upomeswvariance and sampling error by
reach and survey. For each survey and reach, cottad density/abundance displays
with density coded by color types presented in eath(sampling unit).

Data Analysis

Data analysis will occur in both the empirical stital and habitat model technical
approaches as follows.

Empirical Approach

The databases, associated statistical output, rapthigal and tabular displays will be
used to describe variability in habitat use, avmlity, and quality within survey reach,
among reaches, and within and among survey pefardsflow regimes). In addition,
statistical tests will be performed to test thédwing questions (hypotheses):

1. Are there differences in the amount of specificitaltypes among surveys (flow
regimes)? (Note that direct comparison among flow regimedfifdr density may
not be possible because different species andthiges are likely to occur during
the two survey periods. However, the two survhgsld provide a clear picture
as to what habitat types hold higher densitiespefctfic species and life stages.)



2. Are there differences in fish densities among lalyipes between and among
survey reaches? For example, Reimers (1971) fealmlon fry disperse
downstream of spawning areas, therefore we maypleet@determine spawning
areas from the fry distributions. Distances fromow spawning areas may also
be another variable to include in the analysegsifidution patterns.

3. Are there habitat differences that can be usedddigt differences in fish use of
habitats within and among reaches.

4. Are there differences in the amount of high quaiidpitat types within and
among reaches that could be related to flow redsuesey periods).

5. Are the degrees of significance or strength ofti@eship for any of the above
relationships significant based on statistical gsial

The data displays and statistical analyses wilided assess the following:

6. What flows are more optimal and to what degreesé&mon and trout,

respectively.

6. The degree to which fish use of habitat types gaaied what habitat types
appears to be preferred by all species and lifgesta
What habitats appear to be limiting by speciesldedtage.
Whether habitat preferences varied by speciesinsthge within species with
survey period (season).

oo

Other analyses include the following:
* Relate fish use and habitat conditions to flow awnelr location.
* Relate fish density to the degree of spawning ameaghes.
* Relate fish use and distribution among habitatlifferences in habitat and total
density of fish within and among reaches.

The key products of these analyses will be (1)sdtedl means and variances, and mean-
square-errors from analysis of variance and regneds/ species and life stages for
specific habitat types, and (2) the area of habwtatach habitat type under the two flow
regimes. From these we will be able to predictdiséribution and spatial extent of
specific habitat types in the LSR.

Analytical tools to be employed included Analysis/ariance, Regression Analysis, and
Multivariate Analysis. Statistical packages toused include Microsoft Excel Analysis
ToolPac, various commercial add-on packages avaifabMS Excel, and the ArcMap
Extension called Geostatistical Analyst.

2D Modeling Approach

The 2D hydrodynamic and habitat modeling approadlioe evaluated at one reach
during the two surveys. Three dimensional charomgraphy, substrate, cover and
vegetation polygon maps and hydrodynamics modéredion data (e.g., water surface
elevations at the two flows) at one modeling sitegroximately %2 mile in length where
empirical fish habitat data has also been collect#uk three dimensional channel
topography is generated using a combination of &ewation high—resolution aerial
photography, hydroacoustic—based mapping of thewstdre channel topography (i.e.,



under water topography), auto-tracking total stasarveying, laser based surveying
and/or conventional surveying.

The calibrated 2D hydrodynamics model and polygursibstrate, cover, etc. are then
used to generate habitat conditions (depth, veiositbstrate, cover, distance to cover,
distance to waters edge, etc.) within the moddliteyover a wide range of flows (e.g., 50
to 1,500 cfs). These results can then be extragmblatthe entire river based on the
empirical habitat mapping data of the entire rivelabitat modeling, given the above
physical data set, is flexible and can be taildcethe results of the empirical mapping
observations. The exact same physical attributesatte determined to be important in
the empirical data collection can be employed é2b habitat modeling. This is the
intent of the proposed approach. However, if maaditional PHABSIM type analyses
are also desired (standard suitability criterialmods), they can be provided from these
data.

The cell size within the 2D modeling sites will &#& small as 0.5-1.0 m. These cells can
be aggregated into any larger size appropriategeesent meso-scale habitat features
determined important to species and life-stagas fite statistical analyses. If
appropriate behavioural-based habitat rules deeeldmm the statistical analysis (or
elsewhere) can be incorporated into the modeling.

Initial Study Report

Data displays and results of analyses will be prieskin an Initial Study Report. The
report will follow standard scientific paper formathe report will include a complete
description of study purpose and objectives, metterdployed, results, discussion
(relating to available literature), and literatereed. The discussion will include
relevance of study results to management questiorise LSR, specifically how
differences in flow affect fish habitat use andradence patterns by season and reach,
and what flow changes would facilitate potentiabmsvements in fish populations in the
LSR.

The report will focus on the applicability of thp@ied methods in determining the
effects of instream flow on fish production and itause patterns in the LSR. The
standard Instream Flow Incremental MethodologyNIFivould develop habitat
suitability relationships by species and life stegeunivariate habitat parameters, and
then relate to predicted weighted suitable arelsileded for the river based on an array
of sampled cross-sections to provide a relationsbtpreen the instream flow rate and
the amount of available suitable habitat for egucies and life stage. Predictions are
based on hydraulic modeling incorporated into #&litool packages.

The proposed methodology can provide the samenrdton provided in the standard
IFIM approach, but the proposed methodology greatlyances the standard
methodology by using statistical survey methodsre/lseirvey sampling provides
estimates with confidence limits of the densitied total numbers by species and size
groups by habitat type, reach, and flow regime.ilgthe IFIM method can extrapolate
between measured flow regimes using hydraulic nspdeé proposed method can
establish the fish habitat-flow relationship statelly and hydraulically by measuring
fish habitat-flow relationship at distinct flowsdextrapolating and interpolating the



results using hydraulic modeling. The RFP stimddhe empirical habitat surveys
should be done at two flows. Strict empirical habmapping would likely provide
satisfactory habitat versus flow relationships &my flows were mapped. However, if
only two flows were mapped there would only be fpwaints on a graph showing the
relationship between fish and flows. The approaehave proposed provides a method
to interpolate and extrapolated to a wide rang#oaefs if the following can be

developed: (1) sufficient numbers of flow regintas be mapped for habitat types to
develop a reasonable statistical relationship betvilow rate and the amount of specific
habitat types; and (2) a 2D hydrodynamics modelbmadeveloped that simulates the
distribution and amounts of habitat types at fldlaat were not empirically mapped.

Summary of Technical Approach

The proposal incorporates two technical approatieswill be integrated to meet the
objectives of mapping fish habitat under differBotvs in the LSR. The expanded 2D-
IFIM approach with 2D hydrodynamic and habitat modeand the empirical sampling
approach of fish and physical parameters will piteviwo direct approaches toward the
project objective. From that mapping we will béeato develop statistical relationships
for fish species and life stages with habitat typ@ge will be able to relate fish habitat
value to flow empirically for the measured flowswever, we have the 2D modeling
approach to provide that estimate at the measiloe fas well as unmeasured flows.
This is a double-pronged approach to the key teethchallenge of the study.

Perhaps most important is FFC five years experisnoekeling the river from Goodwin
Dam downstream, which provides the knowledge atildyato accomplish the extensive
amount of data collection. In addition to the $kwus River, the FFC has conducted
similar habitat and fish surveys in the lower Aman River over the past three years. At
the FFC, Tom Cannon and Trevor Kennedy have calied on fish habitat studies on
many Central Valley rivers and the Delta. As astatistician, Tom Cannon brings the
expertise to perform the empirical statistical agmh that he has employed in the past
several years on the lower American, Cosumnesy€ala, and Stanislaus River fish
habitat studies for the FFC.

The CAD/GIS mapping and database aspects of thg still be handled by Wildlands
habitat mapping team who have worked with the FéiGHe past five years mapping fish
habitat in the Delta. Wildlands team is especiatlgpt in mapping large habitat
landscape with all of the state of the art CAD &18 mapping, database, and analytical
tools.

Craig Addly’s team brings the state-of-the-art teabgy of habitat modeling that he has
employed on the Klamath and Trinity River and hagun on the Calaveras River
working with the FFC. The INSE team will collebetkey hydraulic data to characterize
the complex physical habitat of the LSR using hggramics modeling and allow
habitat modeling over a range of targeted flows.



